JS O/ B D - S - PhEENS % | SR AR SAPK EERELTERFEER I 1195

Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Apr. 25, 2024, 40(4): 1195-1210

DOI: 10.13345/j.cjb.230726 ©2024 Chin J Biotech, All rights reserved

« R R -

AR SAPK EFERESEEN TSR 57

BN, REE, AEY, FWH, BEHF, GRW

WL B2 R2A 252468, Wil Bl 311402

PhERR, BERR, SRR, W, VERERE, ATPREA. kA SAPK L ZR S E KR EBA T[], £ TR, 2024,
40(4): 1195-1210.

YAO Xinyi, ZHAO Jiaying, HU Suying, LI Xian, PANG Qunqun, YU Zhenming. Identification and expression profiling of
SAPK gene family members in Dendrobium officinale[J]. Chinese Journal of Biotechnology, 2024, 40(4): 1195-1210.

E. HHRKE S FH(Dendrobium officinale) i i3k % 14 & & ¥ B4 (stress-activated protein kinase,
SAPK) A A Rkt h 8, ZE A AEUE EFHARLEEIKEZ LA SAPK (DoSAPK) RN, 447
CA LA, R EARTIL. AGutiept. ARLEMF s TIRAMERA LS, FaERATE
PCR &AM EAMNERF AL, KBRAEA L ALEEHEEAT. ERKH, 4XBHH 8 A
SAPK K#%& MR, oA group 1. group Il #= group Il LKk, oA 7THEFEARL, H23rAHIN
BEIHXEZ., ER—LATHRAERNT LA EMGER LN, RFEFEO RN ZRLEH,
DOSAPK F kA B 69 B30 F X R'E & K i & v L Ao k8 5 £ A48 X 69 45 T4F. T F) DoSAPK A& i
B E B AR R P H RRAR A R A, BEAME KA FM, AREREMALETERNLR
kL, THZ BMKR A 2 phia ey B4, 457) 2 DOSAPK1 4k X & fitig s m Aidfz P T ab e £ &
e R . KRBT A4 B i DOSAPK R IR A2 E S eV RN R R T A,

K S B AL SAPK Rik; AR AR, A

Identification and expression profiling of SAPK gene family
members in Dendrobium officinale

YAO Xinyi, ZHAO Jiaying, HU Suying, LI Xian, PANG Qunqun, YU Zhenming*

School of Pharmaceutical Sciences, Zhejiang Chinese Medical University, Hangzhou 311402, Zhejiang, China

Abstract: To investigate the potential roles of stress-activated protein kinase (SAPK) gene family

WHTH . EZ ERE2E4(32000257); K2EABIH AL IIZRiT 1202310344015, S202310344070); #HTL4 H ARl
4 (LY23H280003)

This work was supported by the National Natural Science Foundation of China (32000257), the Undergraduate Training
Program for Innovation and Entrepreneurship (202310344015, S202310344070), and the Zhejiang Provincial Natural Science
Foundation (LY23H280003).

*Corresponding author. E-mail: yuzhenming@zcmu.edu.cn

Received: 2023-10-23; Accepted: 2024-02-05



1196 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

members in Dendrobium officinale, we employed multiple bioinformatics methods to identify the
members of this family. The physicochemical properties, chromosomal localization, phylogenetic
relationship, gene structure, and Cis-acting elements of each D. officinale SAPK (DoSAPK)
member were analyzed. In addition, their expression profiles in different tissues and under the
low-temperature or salt stress treatment were determined by real-time fluorescence quantitative
PCR. The results showed that D. officinale carried eight DOSAPK family members, which
belonged to three groups (groups I, II, and III). These genes were located on seven chromosomes,
and there were two pairs of genes with replication. The DOSAPK members within the same group
had similar gene structures, conserved motifs, and secondary structures. The Cis-acting elements
in the promoter regions of DOSAPK genes included abundant hormone and stress response
elements. DOSAPK family members presented tissue-specific expression in D. officinale.
Furthermore, they were differentially expressed under the low-temperature or salt stress
treatment, which suggested that they might be involved in the responses to low-temperature and
salt stress. Intriguingly, DoOSAPK1 might play a role in the abiotic stress responses. The results
laid a foundation for in-depth study of the members and roles of the DOSAPK gene family.
Keywords: Dendrobium officinale; SAPK family; gene expression; abiotic stress
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(https://pfam.xfam.org)f5 2] SAPK AR 45145
(PF00069), i} HMMER3.0 FLF R 06 iiF 2k i
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RARITY], e RE KT HMN . R
ClustalX 4 (www.clustal.org/)X 48k B2 A fist. #
FIT. KFE. & DRE . Bk BEDPR
71 4~ SAPK HEHFHNHAT 2 EF A xS, ik
MEGA X #4831 7% (neighbor joining, NJ)
TR EZ A SAPK FIRIS O I R 5K &
B, 2K (bootstrap)E I E A 1 000, HpESH
BRI
1.5 2R A% DoSAPK RikEH IR
FEFREEES

KA MEME £ I T H.(https://meme-suite.org)
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HISAT. StringTie 1 Ballgown %X {27140 %% 5 ¢
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1 uL 50 ng/pL BRI, 1 pL 10 mmol/L Y I/ F i
5191, 3 uL KK, B )5E T ABL 7500
#JEE i PCR {X(Applied Biosystems)H i v itk
1. TAEME 95 °C 30 s; A8PE 95 °C 105, Bk
60 °C 30 s, E¥F 40 K, ad 22 kLPO a4k
F £/t DoSAPK1-D0oSAPKS8 TEAR i Kz £h ki 4b
B MARX KA, AR 3 N
YrrEA, Wt Student’s t-test FLASANFEZH S5 %6F
R[] ) 2 55 J 1k

2 BRS04

2.1 $EAK DoSAPK EEREHLER
BN

a2 ARG BEEA, Y kg )
PRI Bz A ik B DR 2 o 2 5 4531 8 1~ SAPK S5 A

x1 AWHRFAARISIFT

D, AR EAT e 0 R IS K Y e R Y
BRI A4 DoSAPK1-D0oSAPKS (£ 2).
ExPASy i R A, 8 MMk A DoSAPK
R R IEIR K E T 226-387 aa, W KMN
DoSAPK4; 143 F 1k 25.97-44.66 kDa, 1
¥ 8N 38.66 kDa; FRIE % S AT
4.66-8.50 Z[], “FIMEN 5.74; Ak vtk
T 34.16-53.53, HRVETRE T 77.11-89.82;
DoSAPK1-DoSAPKS % [ HA 4 i 55K Pk
L DoSAPK2 & H5E /K M feik o SV 20t 437 151
MR, 84> DoSAPK 51 4 (i AE A& .
2.2 $kEAK DoSAPK RikEERIFEK
ENLD T
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DOSAPK  ZR 1 B b7t i G o 1A 7 o7 KIS (B 1A),

Table 1 Primer sequences used in this study

Primer name Forward primer (5'—3") Reverse primer (5'—3')

EF-la GCTTGAGAAGGAGCCCAAGT CCAACAGCCACAGTTTGTCG
DoSAPK1 TCCAGACTATGTGAGGGTATCA ACCAAGGGTGTTTCCTTATCTC
DoSAPK?2 GGAATCCACCTACCTCAATCAC CTCTTCCTCCTCCTCTTCATCT
DoSAPK3 GGACATTGGGTCTGGTAACTT CCACATTCTCGTCGATCTTCTT
DoSAPK4 GTGATGCTTGTAGGAGGCTATC GGGTATGGTGTACTGAACTGAC
DoSAPKS5 CATGACAGCGATCGATACGAG GCTCCATGGTCTGCTTATCTC
DoSAPK6 CCCAGCTTATATAGCACCAGAG GGATATGATCCCACCAGCATTA
DoSAPK7 CATCTTCTCTCCCGGATCTTTG ACTGCCTGTGCTATTTCAGTTA
DoSAPKS TGTATCTCCCGAGTGTAGACAT GATCAGCAGGGAGGTTCTTTAG

*2 $REAH DoSAPK EHRIEBUFFIES 7

Table 2 Physicochemical properties of DoSAPK proteins in Dendrobium officinale

Protein name Number of Molecular Isoelectric Instability Aliphatic Grand average of  Subcellular
amino acid (aa) weight (kDa) point index index hydropathicity localization
DoSAPK1 341 39.04 5.62 43.03 87.98 -0.30 Cytoplasm
DoSAPK2 359 41.39 5.58 46.50 82.834 —-0.58 Cytoplasm
DoSAPK3 226 25.97 8.50 35.53 87.12 —0.26 Cytoplasm
DoSAPK4 387 44.66 5.17 53.53 77.11 —0.57 Cytoplasm
DoSAPKS5 330 37.59 4.66 37.05 89.82 —-0.19 Cytoplasm
DoSAPK6 334 37.87 5.69 34.16 86.98 —-0.42 Cytoplasm
DoSAPK7 361 41.60 5.81 45.84 82.33 -0.56 Cytoplasm
DoSAPKS8 363 41.17 4.90 35.84 87.30 -0.25 Cytoplasm
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1 $kE AR DoSAPK RKIKM R R BIREM(A)RERE HIEH5H(B)
Figure 1 Chromosomal localization (A) and replication events (B) of the DOSAPK family in Dendrobium

officinale.
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G5 R, 8 4 DoSAPK B/ fE Chr5 .
Chr8. Chrl3. Chrl4. Chrl5, Chrl6 #1 Chrl9
X 7 Yk b, Chrs Qtaik BA 2 A
(DOSAPK1. DoSAPK2), H:AxUefafk |- ¥4E7E
1B

HE—2 5 T DOSAPK %) 3 Al ] fry
ML R(E 1B), 45 En, Bz afiye ik
A 2 456 22, DoSAPK2 Fil DoSAPK7
FEEYRINILL E R, D DoSAPK S5 AL bt
b R T R kA T RN

2.3 EFAH DoSAPK REHRAMAL L
B

AT 5B DoSAPK IR M R Gtk ¢
#, il MEGA #{hehl 78 amt. W
Ir. KRR, ST BRE. oK. BEPITIR
SAPK HHAFAHM ARG LBR(E 2), 451 B
/N, A SAPK #EH F 2434 group 1., group 11
1l group 113X = K433, 4 P51 (DoSAPK2,
DoSAPK3. DoSAPK4, DoSAPK7)J& group I,
2 MG (DoSAPKS . DoSAPKS)HJ& group II,

® CgSAPK9
StSAPK2

W Arabidopsis thaliana
Solanum tuberosum
W Vigna radiata

@ Chenopodium quinoa
@ Dendrobium officinale
@ Onyza sativa

® Zea mays

2 HEAR. BEIT. KE. RE. BRE. EXK. BESAPK XEHRHNAZLE N
Figure 2 Phylogenetic tree of SAPK family members in Dendrobium officinale, Arabidopsis thaliana, Oryza
sativa, Vigna radiata, Solanum tuberosum, Zea mays, and Chenopodium guinoa.
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2/~ 01 (DoSAPK 1, DoSAPK6) & group 11,
B At DoSAPK A S HFHAHYIKAE . &
K. #FE SAPK HHAMPELZ XA, ST
AP PIR ST . D gtadh SAPK M
FERREGL, XREZ N HEY) SAPK
BN PR M AF A B AR 5 X A
M7 A AR AT 2 45332
2.4 $EAR DoSAPK Fikm 5 BYRFE
FFFRE E B 5 1

FE T8 B A b4 L R A B T R S, 2l
T DoSAPK ZJHAL bt LR 454 (K] 3A), 45
R, 251 (DoSAPK2, DoSAPK3) A JE S
X, DOSAPK5 A& 3'-UTR, HATW A& H
3'-UTR #I 5-UTR. i DoSAPK ZXHHHL 51 &%
4-9 NHMNE T, DOoSAPKG K JEiA%)] 33 500 bp,

A
94
71 DoSAPK2 -

DoSAPK7 | |

DoSAPK3
DoSAPK4 |
40— DoSAPK6 |
DoSAPK1 |-
9| —DoSAPKS |
9L DosAPKS |

@ UTR
Exon

A 9 MHNE T2 4 UTR, 1fif DOSAPKL K Ji
103936 bp, WA 94N F 124 UTR,

BR KA1’ DoSAPK ZE I i 51 H 4 31 10 4
RSP 3L ¥ (K 3B-30), &R Bxw, A
DoSAPK M A & 6-10 MsFIiLy, HH
A motif 1, 2. 3. 6 18, DoSAPK8 &4 101>
PRSFHEF, DoSAPK3 &4 6 MRASFIIF,
motif 9 /34 7E group II ) DoSAPKS5 il
DoSAPKS H,
2.5 AR DoSAPK & AR — 4k
bk

i 2k SOMPA #4387 T DoSAPK ZK k&
FB 5 (# 3), 45R BN, DoSAPK XK
BB EH o 80E . -, LEAhEEFIREL
Bl 4 P AR, BT HIRMKER

w

Motif 8
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3 SKEAR SAPK FiGH R BIEELEM(A). RTEFB)REFIFIR(C)
Figure 3 Gene structure (A), conserved motifs (B), and logo (C) analysis of DoSAPK family in Dendrobium
officinale.
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a-BRBECEF4 39.50%) . BEHLE I (CFF4 39.25%) .
FEARBECEY 15.59%) 1 B-HrE(CF 6.67%).
DoSAPK7 1) - 12 JiE 5 H (44.32%) &% & ,
DoSAPK3 1 4 fift §% 5 Lt (19.03%) &% =
DoSAPKS K B- 1 & (6.67%) i H & & ,
DoSAPK1 HIBHENLAE M (47.51%) 5 sy
2.6 AR DoSAPK RiEEHHIFTIE
BEHEREEXRST

E T 5 — B0tk et 45 R B, DoSAPK2
1l DoSAPK7 [H A —Ftkf i, 18 95.58%, H

>~

K & DoSAPK3 #iI DoSAPK7 (94.25%) .

x3 HEAH DoSAPK EHM ZRLEMH

DoSAPK4 fil DoSAPK7 (93.81%). DoSAPK2 Al
DoSAPK3 (93.36%). DoSAPK2 HI DoSAPK4
(92.04%) . DoSAPKS5 Fll DoSAPKS (78.32%), [l
— PG5 I 2Z ] 1 28 1 — B (B 4A)

EAFREAEER, 8 4 DoSAPK ik
EAMEAAEEERR, LHE DoSAPKS #l
DoSAPK6 HAEFEEE &, JF5 TiiF PP2C6.
PP2C30. PP2C50. W% 2 A HUS 5 (abscisic
acid insensitive 5, ABIS)FI#IESE AR HisE 23
(basic leucine zipper, bZIP23)%E iS5 A7 7E HAF
( 4B),

Table 3  Analysis of secondary structure of DoSAPK proteins in Dendrobium officinale

Protein name Alpha helix (%) Extended strand (%) Beta turn (%) Random coil (%)
DoSAPK1 31.96 15.25 5.28 47.51
DoSAPK?2 42.62 14.48 5.57 37.33
DoSAPK3 38.94 19.03 6.19 35.84
DoSAPK4 40.05 14.47 4.65 40.83
DoSAPKS5 36.97 16.67 6.67 39.70
DoSAPK6 42.81 15.27 5.39 36.53
DoSAPK7 44.32 13.57 5.26 36.84
DoSAPKS 38.29 15.98 6.34 39.39
A e & - “@ S _ = “ B
5 5 5 5 B B & & yoN
%) N %) %) %) %) W [%5) D S
24 % % % % % 9 DoSAPK1 | '.-):jc"fAPm
DoSAPK7 I \bz1P232
DoSAPK2 [ DoSAPK4
DoSAPK3 *
DoSAPK4 | DoSAPKS
DRSArRG DoSAPK7
DoSAPKI
DoSAPKS
DoSAPKS

DoSAPK6

4 HKEAR DOSAPK HKixERRFIIRIRMEREES
Figure 4 Analysis of homology and protein-protein interaction of DoSAPK family members in Dendrobium
officinale. A: Sequence homology of DOSAPK family members. B: Protein-protein interaction of DoSAPK

family members.
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Figure 5 Analysis of cis-regulatory elements on the promoters of DOSAPK family in Dendrobium officinale.
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Figure 6 Tissue-specific expression of DOSAPK family genes in Dendrobium officinale. Fl: Flower bud. Se: Sepal. La:
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Figure 7 Expression levels of DOSAPK family under low-temperature stress in Dendrobium officinale.
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